Background: The aim of this study was to determine whether there was a difference in delayed healing following dental extractions for insulin-dependent diabetics as compared to non-diabetic patients. Methods: Prospective patients referred to the Adelaide Dental Hospital exodontia clinic for dental extractions were recruited into two groups: Known insulin-dependent diabetics and healthy non-diabetics. All had a random blood glucose level (BGL). Delayed healing cases were identified, and statistical evaluation was performed. Results: There were 56 insulin-dependent diabetic patients (BGL 10.03, range 4.9-26) and 49 non-diabetic, age-and sex-matched patients. Seven patients (12.5%) in the study group showed delayed healing following extraction, while only four patients (8.2%) in the control group suffered delayed healing. This difference was not statistically significant. Two of the study group developed postextraction infections, requiring incision, drainage and antibiotics. Conclusion: The study shows that Type 1 and insulin-dependent Type 2 diabetic patients, if well controlled, tend to heal up well following dental extractions but with a small but not statistically different rate of postextraction complications including infection. This is contrary to what is usually taught. Clinicians should take great care with management of insulin-dependent diabetic patients, as compared to non-insulin dependent diabetics or non-diabetic patients.
INTRODUCTION
Diabetes mellitus is a common chronic disorder of carbohydrate metabolism, characterized by incapability to regulate and control a persons' blood glucose level (BGL), due to insulin deficiency or resistance. 1 The disease is classified as either Type 1 (also referred to as insulin-dependent diabetes), or Type 2 (also referred to as non-insulin dependent diabetes). Type 1 is characterized by deficient or defective insulin production within the pancreas. Type 2 diabetes is characterized by both insulin deficiency and tissue resistance to insulin. Approximately 10% of Type 2 diabetics eventually require insulin for management.
As of 2012 in Australia, the Australian Bureau of Statistics (ABS) reported that approximately 875 400 (4%) men and women over the age of 15 have been diagnosed with diabetes. 2 It is estimated that this figure may rise rapidly over the following decades, given the increase in both obesity and ageing. 3 These measures of prevalence though drastically under-estimate the total burden of the disease. This is because diabetes is often not diagnosed until clinical manifestations present. An Adelaide study 4 found in 2009 that for every 5 diagnosed diabetic patients, there is one undiagnosed diabetic patient. Other studies however, have suggested that this ratio is closer to 1:1. 5 Both type 1 and type 2 diabetics tend to suffer longterm complications, which tend to be categorized as either macrovascular, microvascular or neuropathic complications. 6 Macrovascular complications include an increased risk of diabetic patients to suffer atherosclerosis, peripheral vascular disease and myocardial infarction. Microvascular complications are linked with a thickening of the basement membrane and reduced capillary permeability. These changes inhibit the inflammatory response resulting in reduced leukocyte migration and impaired hyperaemia, 
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The official journal of the Australian Dental Association resulting in lack of perfusion to tissues during stress. 7, 8 A well-functioning microcirculation is also necessary as a means of providing nutrients to tissues and removing waste products. This process is also inhibited due to changes in the microcirculation in diabetic patients. These structural changes in the microvasculature have been shown to result in a higher chance of postoperative infection, and an overall delay in healing. 8 There is a strong level of evidence in the medical literature to support these findings; that diabetic patients are at an increased risk of infection or delayed healing following surgical procedures. 9, 10 While it may be tempting to assume that these findings would be reflective of patients undergoing oral surgery procedures, the idiosyncratic nature of the oral cavity make this difficult. 9 The array of bacterial flora, the extent of local inflammation, and the composition of the hosts saliva all make for an unsterile environment.
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It is generally reported in the literature that the risk of impaired wound healing and postoperative infection is greater in surgical patients who have diabetes mellitus (DM). 9 However, the rate of healing complications following oral surgery in diabetic patients is essentially anecdotal, and not evidence-based.
Three prospective cohort studies have examined whether any differences in healing rates exist, following tooth extraction in type 2 (T2) non-insulin dependent diabetics, as compared to a control group. [12] [13] [14] These studies all concluded that non-insulin dependent T2 diabetes is not a risk factor for experiencing postoperative complications following dental extraction. One of these studies [14] [15] [16] [17] was conducted in the same clinic as this study. This clinic setting has been used for multiple studies of the effect of a variety of general medical conditions on extraction healing. From this experience the difficulty of obtaining sufficient clinical patients in a meaningful time is well understood as it affects statistical power calculations.
Delayed or impaired wound closure can predispose patients to postoperative infection. It is reported in the literature that the majority of infections within the head and neck are likely to have an odontogenic origin. 18, 19 Odontogenic infections are of oral polymicrobial origin. Depending on their type and virulence factors, they have the potential to spread through the mandible or maxilla, and then onto the surrounding spaces within the face or neck. Often these infections heal when appropriate antibiotic, incision and drainage therapy is initiated. 20 However these infections tend to spread when the patient is in an immunocompromised state, whether it be due to diabetes, HIV/AIDS, or haematological neoplasia, chemotherapy, or following transplant surgery. [18] [19] [20] [21] In diabetic patients, these infections have been shown to be more likely associated with septic tissue necrosis, spread of infection to multiple facial spaces, and a longer hospital stay. 21 While it is generally agreed that diabetic patients in general have an increased risk of infection and delayed wound healing following oral surgery procedures, there is very little published evidence to support this claim. 9, 14 In a previous Type 2 diabetic study, 14 we found no statistically significant difference in rates of delayed healing between Type 2 diabetics (taking oral hypoglycemics) and the control group. To the best of our knowledge, no prospective observational controlled studies have been conducted examining postoperative healing complications after oral surgery, in insulin-dependent T1 and T2 diabetic patients, compared to a non-diabetic control group. A potential pitfall which may be faced by dentists, is to consider all diabetics at risk of postoperative infection. Diabetic patients will vary in their medications, in particular their requirement for exogenous insulin, their diet, their drug compliance, and other lifestyle factors such as smoking and alcohol intake.
The purpose of this study was to prospectively follow a consecutive group of public dental patients with insulin-dependent diabetes, referred to the Oral and Maxillofacial Surgery (OMS) outpatient extraction clinic. We aimed to determine whether there was a difference in delayed healing of dental extraction sockets for insulin-dependent diabetics compared to matched non-diabetic patients.
METHOD
This study was undertaken within the exodontia clinic of the OMS Unit at the Adelaide Dental Hospital, South Australia. Appropriate ethics approval from the Royal Adelaide Hospital was obtained (CALHN Reference No: R20170201). Patients who were referred for extractions during the 15-month period, March 2017 to June 2018, were invited to participate in the study. A detailed medical history of each patient was taken. Exclusion criteria included only those unable to provide consent due to physical or mental disability. All insulin-dependent diabetic patients had a BGL taken before commencement of their procedure.
Patients were allocated to one of two groups: insulin-dependent diabetic patients, and the non-diabetic control group. Those in the control group did not suffer from any medical conditions, including elevated BGL, which may impair healing. Both groups were matched for age and gender. All were treated in the same time period.
The same local anaesthetic was used for all patients; 2% lignocaine with 1:80 000 adrenaline. The extraction of erupted teeth was undertaken using luxators and forceps by 4th and 5th year dental students, under the supervision of OMS staff members. Antibiotics were only prescribed if there was the presence of acute odontogenic infection with pus present, or swelling of adjacent primary spaces.
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All patients who consented to participate in the study were offered a review appointment 1 week after their initial treatment (the majority being for dental extraction). If patients declined their 1-week followup appointment, they were advised to contact the OMS unit and make a follow up appointment if they experienced any issues 1-week postextraction. These patients were contacted by phone as a courtesy 1-week following their extraction appointment to ensure no postoperative complications were occurring. The management of the diabetic state was recorded. Specifically, whether there was any change in their regimen, and whether any antibiotic prophylaxis was used. All patients were followed until full healing had occurred.
The results were entered onto a Microsoft â spreadsheet at the end of each day. Delayed healing was measured by the presence of a dry socket, bony sequestra, excess granulation tissue, infection at review appointment, following normal clinical criteria, or the requirement for multiple reviews.
RESULTS
Fifty-six insulin-dependent diabetic patients were included in the study. Twenty-six were male and 30 were female. Of these 56 patients, only 24 underwent a single-tooth extraction (16 of which were molar extractions). Eighteen patients had 2-3 teeth extracted. Seven patients had between 4 and 6 teeth extracted. Six patients had 6-10 teeth extracted. One patient required 23 teeth to be extracted, and they were kept overnight for observation at the Royal Adelaide Hospital.
Of the 56 patients in the study group: six patients were under 35, fourteen patients were between 35 and 55, 32 were between the ages of 55-75, and four patients were aged over 75. The average age was 58.
The average BGL of the insulin-dependent diabetic group was 10.03 mmol/L, with individuals in this group ranging from 4.9 to 26 mmol/L. Five patients had a BGL of over 14 on the day of extraction. Of the 56 insulin-dependent diabetic patients, seven patients (12.5%) were found to have delayed healing of their extraction sockets. Five of these patients required socket debridement and removal of sequestra. Two of these five patients experienced postoperative infection. One patient had a localized infection which required both incision and drainage under local anaesthetic, and provision of antibiotics. The other patient, following surgical extraction of teeth 38 and 48 required hospital admission to treat a submandibular and submasseteric space infection. This was due to postoperative infection from the 38 extraction socket, compounded by dehydration from not eating and drinking. She presented to the Emergency Department of the Royal Adelaide Hospital 4 days following her initial extraction appointment. Following incision and drainage under general anaesthetic, she was intubated and monitored in ICU. Following 2 days of IV antibiotics, she was taken back to theatre for a repeat procedure due to ongoing abscess formation in the left submandibular space. She was then kept in ICU for a following 2 days, before being placed on the wards for a further 5 days, where her clinical condition continued to improve. She was discharged 12 days following her initial admission.
While 19 patients did not return for their follow-up review appointments, they also did not attend their local community clinic for postoperative reviews, likely due to not experiencing any delayed healing or postoperative complications. In these cases, a followup phone call was placed to ensure delayed healing was not occurring. Of the nine patients with a BGL over 12, two of these patients experienced delayed healing. One required socket debridement and antibiotics, the other required incision and drainage with antibiotics. Both of these patients recovered within a further week.
The control was selected as the age and gender profiles, of the insulin-dependent diabetic group, was known. Forty-nine patients were invited to participate in the control group. Of these 49, 18 patients underwent only a single-tooth extraction (15 of which were molar extractions). Eighteen patients had 2-3 teeth extracted. Seven patients had between 4 and 6 teeth extracted, and six patients in the control group had 6-10 teeth extracted. Of the 49 patients in the control group, four patients (8.2%) were found to have delayed healing of their extraction sockets beyond 1 week. All four of these patients required socket debridement and removal of sequestra. However, none of these patients required incision and drainage or the provision of oral or IV antibiotics.
Of the seven patients in the study group to experience delayed healing beyond 1 week, two were male and five were female, the average age being 52 years. Of the four patients in the control group to experience delayed healing beyond 1 week, three were female and one was male, the average age being 65 years. Evaluating the association between diabetic status and delayed healing indicates that the probability of an adverse outcome was 35% higher for the test group than the control group. However, the difference between the two groups was not statistically significant (P = 0.25).
The results are presented in Table 1 .
DISCUSSION
Our study shows that contrary to common teaching there was not a statistically significant difference in rates
Extractions for insulin-dependent diabetics of delayed healing following dental extraction, between insulin-dependent diabetic patients and an aged and matched non-diabetic control group. However, although the two groups analysed do not show a statistically significant difference in rates of delayed healing, there was a clinically observed higher incidence of delayed healing in insulin-dependent patients which supports the medical evidence 11 of a higher risk of infection and delayed healing for insulin-dependent diabetic patients.
Our study population varied from a private general dental population by the following ways; all patients held a government issued healthcare card: whether it be due to disability, or the requirement of financial assistance. Furthermore, all patients were referred to the OMS clinic from either the state-wide community dental service, or from any of the six major teaching hospitals within the Adelaide Metropolitan area and surrounding suburbs. Previous audits from the OMS exodontia clinic have indicated that over two-thirds of these patients are significantly medically compromised, and also tend to undergo extractions of a more complex difficulty.
14 There was a higher proportion of patients with a history of cardiovascular disease and treated with anticoagulant medication within the insulin-dependent study group. Numerous studies [22] [23] [24] have concluded that use of anti-coagulant medications has no significant impact on postoperative healing following dental extraction. Therefore, these patients were not excluded from the study.
Of the 105 patients included in the study, six patients required surgical extractions; one patient from the control group and five from the diabetic group. All surgical extractions were undertaken by trained OMS staff members, assisted by dental students.
One of the patients from within the diabetic group who required surgical extraction experienced severe and prolonged postoperative infection. This patient required two further procedures for incision and drainage under general anaesthetic, and care in ICU. She was admitted 4 days after third molar extraction and was discharged 12 days following admission. She continued to be followed up by OMS on a weekly basis for 3 weeks, at which point her trismus and swelling had eased, and she returned to normal function. In retrospect it was an error to attempt this patient's management as an outpatient. She should have been admitted for management of her diabetic state during the surgical removal of her impacted wisdom teeth. Her chairside BGL before the procedure was 10.65. Her OPG is shown below in Fig. 1 .
A further issue which arose was the limited ability of patients to easily return for follow-up review appointments. This was understandable given the time, cost and distance some patients have to travel. The previous study within this unit 14 suggested that many of the patients within their study had poorer attitudes towards maintaining optimal health than the general population. While the average BGL in our diabetic group was reasonably high (10.03), this included four patients with BGLs of 16, 18, 20 and 26. These patients received counselling and were encouraged to consult with their medical practitioner or diabetic nurse educator on managing their BGL effectively. However, the fact that none of the diabetic group were smokers suggests that they had listened to their diabetic educators and attempted to manage their diabetes and limit the risk secondary vascular complications. Of the control group, approximately 30% of the participants were smokers, which was higher than the 19% of the general Australian population who are smokers. 
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This study has concluded that there was no statistically significant difference in rates of delayed healing between insulin-dependent diabetic patients and nondiabetic following tooth extraction. However, the trend towards a higher incidence of delayed healing in insulin-dependent patients, compared to the non-diabetic control group (P = 0.25) clinically supports the medical evidence 11 of a higher risk of infection and delayed healing for insulin-dependent diabetic patients. We calculated that to achieve statistical significance in this study it would require approximately 560 patients or a twelve-and-a-half-year study.
The potentially severe and life-threatening complications, which was observed in one such patient in this study, highlight the importance of correct perioperative management when treating insulin-dependent diabetic patients. The discomfort and swelling caused by tooth extraction can predispose diabetic patients to fluctuating glucose levels and potentially reduced medication compliance. This does support the view that poorly controlled insulin-dependent diabetic patients require closer postoperative observation and management within a hospital setting. Specialist OMS referral is recommended.
CONCLUSION
The study shows that Type 1 and insulin-dependent Type 2 diabetic patients, if well controlled, tend to heal well following dental extractions. There was a small increase in the rate of postextraction complications and a small chance of wound infection, which may be serious unless treated promptly. The stability of insulin-dependent diabetics must be assessed as the risk of complications was higher with poorly managed unstable patients.
